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ABSTRACT. Blastocystìs is an anaerobic parasitic microorganism which has been found in the intestinal tract of many vertebrates 
including humans and dogs. Recently, members of Blastocystìs sp. were classified into nine sub-types, based on phylogenetic trees 
derived from sequence analysis of the small sub-unit ribosomal RNA gene. The pathogenesis of Blastocystìs in the dog remains 
uncertain and the existence of pathogenic and non-pathogenic sub-types is under investigation. Feacal samples from 30 privately 
owned and 42 stray dogs, originated from central and northern Greece, were examined by both light microscopy and PCR assays 
for the detection of Blastocystìs sp. All samples were found to be negative by both assays. It seems that, in Greece, the dog is unlikely 
to be a "reservoir" of Blastocystìs sp., although a large scale epidemiologic study is needed to be carried out in order for more 
conclusive results to be drawn. 
Keywords: Blastocystìs, dog, light microscopy, PCR, Greece 
ΠΕΡΙΑΗΨΗ. Η Blastocystìs είναι ένα αναερόβιο παράσιτο που έχει βρεθεί στο έντερο πολλών σπονδυλωτών, περιλαμβανομένων 
του ανθρώπου και του σκύλου. Πρόσφατα, η Blastocystìs ταξινομήθηκε σε εννέα υπότυπους, βάσει των φυλογενετικών δένδρων 
που προέκυψαν από την ανάλυση της αλληλουχίας της μικρής υποομάδας του rRNA γονιδίου. Η παθογένεια της Blastocystìs 
στο σκύλο παραμένει ασαφής και η ύπαρξη παθογόνων και μη-παθογόνων υπότυπων ακόμη ερευνάται. Δείγματα κοπράνων 
από 30 δεσποζόμενους και 42 αδέσποτους σκύλους, προερχόμενους από την Κεντρική και Βόρεια Ελλάδα εξετάστηκαν μικρο­
σκοπικά και με τη μέθοδο PCR για τυχόν ανίχνευση της Blastocystìs sp. Ό λ α τα δείγματα βρέθηκαν αρνητικά και με τις δύο 
μεθόδους. Φαίνεται ότι στην Ελλάδα ο σκύλος μάλλον δεν συνιστά «δεξαμενή» της Blastocystìs sp., αν και απαιτείται 
επιδημιολογική μελέτη μεγάλης κλίμακας για να εξαχθούν ασφαλή συμπεράσματα. 
Λέξεις ευρετηρίασης: Blastocystìs, σκύλος, μικροσκοπική εξέταση, PCR, Ελλάδα 
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INTRODUCTION 
lastocystis sp. is an anaerobic, single-celled, ente­
ric parasite that inhabits the intestinal tract of both 
humans and many species of animals. The protozoan 
was first observed in human faecal samples and was 
reported as yeast in 1912 (Brumpt 1912). Recently, 
Blastocystis was demonstrated as a member of Strame-
nopiles (Silberman et al. 1996). It is considered the 
most common protozoan reported in human faecal 
samples with surveys revealing infection rates of up to 
50% in developing countries, while the prevalence of 
the infection is lower in developed countries (Windsor 
et al. 2002, Stenzel and Boreham 1996). Blastocystis 
has, also, been isolated from a wide range of animals, 
including mammalians, birds, amphibians, reptiles and 
insects. Generally, isolates from humans have been 
characterized as B. hominis, whereas isolates from 
other species have usually been named Blastocystis sp., 
although a small number of parasites have been named 
after the host (Belova 1991, Belova 1990, Pakandl 
1991, Quilez et al. 1995). Nevertheless, all isolates 
reported so far, irrespective of their host origin and 
genetic diversity, are morphologically indistinguishable 
(Kaneda et al. 2001, Ho et al. 2001, Clark 1997, Yoshi-
kawa et al. 1996, Yoshikawa et al. 1998, Yoshikawa et 
al. 2000). 
The pathogenesis of the organism remains 
uncertain both in humans and dog. Various clinical 
reports in humans consider Blastocystis as the causative 
agent of intestinal disease, including diarrhea, 
inflammatory bowel disease, irritable bowel syndrome 
and ulcerative colitis, yet the pathogenicity of the 
parasite has not been equivocally proven (Albrecht et 
al. 1995, Carrascosa et al. 1996, Levy et al. 1996, Sun et 
al. 1989, Zaki et al. 1991, Yakoob et al. 2004). There is 
no evidence so far that Blastocystis is pathogenic for 
dogs, although in one case with intestinal symptoms 
Blastocystis was the only isolate (Chapman et al. 2009). 
Detection of Blastocystis is based on microscopic 
identification of the parasite in faecal samples, culture, 
and PCR (Termmathurapoj et al. 2004, Menounos et 
al. 2008). 
Molecular analysis has revealed high polymor­
phism among Blastocystis isolates. Furthermore, 
isolates with identical genotype have been isolated 
from humans and animals, indicating cross species 
contamination. Recently, a consensus on Blastocystis 
terminology was proposed (Stensvold et al. 2007). 
According to this consensus, all mammalian and avian 
Blastocystis isolates are designated Blastocystis sp. and 
separated into ten sub-types, named 1-10 according to 
phylogenetic trees constructed from SSU rRNA 
sequences. 
The prevalence of Blastocystis in animal hosts 
varies among species and geographic location (Duda 
et al. 1998, Parkar et al. 2007). There are no published 
data for Blastocystis in dogs in Greece, although some 
anecdotal studies failed to isolate Blastocystis from 
either dogs or cats by light microscopy and culture 
(Haralabidis 2003). Recently, a PCR method has been 
found to be highly sensitive and specific for the 
detection of Blastocystis in faecal samples (Menounos 
et al. 2008). 
This study was a preliminary attempt to the detec­
tion of Blastocystis sp. in faecal samples from both 
privately owned and stray healthy dogs in Greece. 
MATERIALS AND METHODS 
Samples 
A total of 72 canine faecal samples, randomly 
selected, were processed. Thirty (30) samples were 
obtained from privately owned dogs and 42 samples 
from stray animals of both sexes and of various age and 
breeds. All samples were collected directly from the 
rectum between September and October 2008 in 15 ml 
sterilized plastic tubes. Microscopical examination was 
accomplished within 6 hours of collection, while PCR 
was carried out later with the faecal samples being kept 
in -40 °C until processed. All dogs originated from 
various areas of central and northern Greece. 
Light microscopy 
All faecal samples were initially examined by light 
microscopy using faecal suspensions. Approximately, 
0.1 g of faecal material was suspended in 1 ml of nor­
mal saline and then filtered through gauze. Then, 20 
μΐ of faecal suspension was directly examined under a 
light microscope at 200x magnification. 
DNA isolation 
The QIAamp Stool Mini Kit (Qiagen) was used for 
DNA isolation from faeces, according to the manufac­
turer's instructions. DNA was eluted with 100 micro­
liters of AE Buffer to increase DNA concentration. 
PCR 
The PCR was performed as previously described 
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(Menounos et al. 2008) using the primer pair BLF: 5'-
CGAATGGCTCATTATATCAGTT-3' and BLR: 5'-
TCTTCGTTACCCGTTACTGC-3'. Briefly, in a final 
volume of 50 microliters containing IX PCR buffer, 
1.5 mM magnesium chloride, 0.2 μΜ of each dNTP 
(New England Biolabs) and 100 pmoles of each primer 
(synthesized by Syntezza), 10 microliters of template 
DNA were added. Cycling was performed in Eppen-
dorf or M-J Research thermocylers. Cycling conditions 
included an initial denaturation at 94 °C for 5 min, 40 
cycles at 94 ° C for 1 min, 53 ° C for 1 min and 72 ° C for 
1 min and a final elongation step at 72° C for 10 min. A 
positive and a negative control were included for each 
reaction. DNA extracted from microscopically-con­
firmed positive human faecal sample served as a 
positive control, while DNA extracted from PCR-
confirmed negative human sample served as the nega­
tive. PCR products were separated with 2% agarose 
gel electrophoresis, visualized under UV light and 
photographed with a digital camera. Standard precau­
tions were applied to avoid PCR contamination. PCR 
reagents were aliquoted and aerosol barrier tips, 
dedicated pipette sets, laminar flow hoods and sepa­
rate laboratory areas were used for each step of the 
procedure. 
SSCP 
Fifteen microlitres of PCR products were dena-
turated and electrophorized in Polyacrylamide gel 
(7.2% acrylamide, 0.22% bis, 1.25 X TBE, 0.1% AP 
and 0.8 X 10-3 % TEMED) for 25 h at 14°C and 420 
V. The bands were visualized with silver stain. 
Sequencing 
PCR product was electrophorised for approxi­
mately 30 min in a 3% agarose gel and the ~ 250 bp 
band was excised. DNA was isolated from the gel slice 
using the QIAquick Gel Extraction Kit (Qiagen) 
according to the manufacturer's recommendations. 
DNA was eluted in 30 microliters of EB buffer. Cycle 
sequencing was performed in a GenAmp System 2700 
thermocycler using the ABI Prism BigDye Terminator 
v3.1 Cycle Sequencing kit (Applied Biosystems) and 
PCR primers. 
RESULTS 
Blastocystis cysts could not be detected in any of all 
samples examined by light microscopy. From the 72 
samples examined by PCR, 8 presented a faint band 
located between 200 and 300 bp. These PCR products 
were examined by SSCP and presented an unknown 
(in relation to those obtained from human samples) 
pattern. Sequencing of the PCR product resulted in a 
sequence which presents over 95% homology to Absidia 
(Mycocladus) sequences (GenBank Accession numbers 
EU826361, GQ169404, GQ169392, AF157117, 
EU826360, FJ176934, AFI 13407, AFI 13408, 
DQ340176) as determined by Blast (Zheng et al. 2000). 
The sequence has been sent by our research team and 
deposited in GenBank with Ace. No HM770856. 
DISCUSSION 
Applying the previously reported PCR in dog 
feces, 270 bp bands were produced that could interfere 
with correct detection of Blastocystis. In humans, faecal 
samples producing a non-Blastocystis ~ 250 bp band 
have not been found. However, it has already been 
reported that a ~ 200 bp band is produced in human 
faecal samples presenting a high fungal load, thus 
indicating the possibility of primer hybridization to 
fungi DNA. In humans, Absidia usually does not 
inhabit the intestine of normal immunocompetent 
individuals, being mainly isolated from immuno­
compromised hosts (Ribes et al. 2000). This probably 
explains why this fungus does not interfere with 
Blastocystis detection in human faecal material. 
Although culture was not carried out in our study, 
it has been shown that the PCR method applied is at 
least equally sensitive with culture for the detection of 
Blastocystis organisms in faecal samples (Menounos et 
al. 2008). It has been shown that Blastocystis from non-
human sources comprise isolates that appear to fall 
outside the genetic range of the already known 10 sub­
types of the parasite (Yoshikawa et al. 2007, Stensvold 
et al. 2007), although they are closely related. Con­
sequently it is possible that DNA from canine-specific 
Blastocystis strains is not amplified by the currently 
used PCR method, although this is not supported by 
microscopical examination. Accordingly, based on the 
results of this study, it seems that Blastocystis is not 
probably a habitat of the normal canine intestine of 
dogs in Greece. 
Although a small number of publications refer to 
Blastocystis in relation to dogs, there are several contra­
dictory reports. Our findings are in agreement with a 
similar study conducted in Japan (Abe et al. 2002) and 
Bangkok ( Inpankaew et al. 2007). It should be noted 
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that only the studies indicating exclusively the absence 
oiBlastocystis are included, as various parasitological 
studies on dog faeces do not refer Blastocystis as a 
finding, but is is not clear if the parasite was ignored, 
or it was not detected. (Claerebout et al. 2009). 
In contrast, presence oiBlastocystis in dog faecal 
samples was reported in Australia (Duda et al. 1998 ), 
Chile (Javier Lopez et al. 2006) and Iran (Daryani et 
al. 2008). 
It has not been elucidated yet why the parasite 
prevalence varies considerably from one region to an­
other, but explanations could be the sanitary condi­
tions in which the animals live, the different metho­
dology used and unknown environmental factors. Dogs 
are known to be infected with Blastocystis STI and ST3 
(Parkar et al. 2007, Stensvold et al. 2009). It should be 
noted that ST3 is the most frequent subtype found in 
humans. 
Although there have been no published data 
regarding the prevalence oiBlastocystis in humans in 
Abe N, Nagoshi M, Takami K, Sawano Y, Yoshikawa H. (2002). A 
survey of Blastocystis sp. in livestock, pets and zoo animals in Japan. 
Veterinary Parasitology, 106: 203-212. 
Albrecht H, Stellbrink HJ, Koperski K, Greten H. (1995). Blastocystis 
hominis in human immunodeficiency virus-related diarrhea. Scan 
J Gastroenterol, 30: 909-914. 
Arisue N, Hashimoto T, Yoshikawa H. (2003). Sequence heterogeneity 
of the small subunit ribosomal RNA genes among Blastocystis 
isolates. Parasitology, 126:1-9. 
Belova LM, Kostenko LA. (1990). Blastocystis galli sp. (Protista: 
Phizopoda) from the intestine of domestic hens. Parasitologiia, 24: 
164-168. 
Belova LM. (1991). Blastocystis anatis sp. nov. (Rhizopoda, Lobosea) 
from Anas platyrhynchos. Zool Zh, 70: 5-10. 
Brumpt E. (1912). Blastocystis hominis η. sp. et formes voisines. Bull 
Soc Pathol Exot, 5: 725-730. 
Carrascosa M, Martinez J, Perez-Castrillon JL. (1996). Hemorrhagic 
proctosigmoiditis and Blastocystis hominis infection. Ann Intern 
Med, 124: 278-279. 
Chapman S, Thompson C, Wilcox A, and Russell K. (2009). What is 
your diagnosis? Rectal scraping from a dog with diarrhea. Vet Clin 
Pathol, 38(1): 59-62. 
Claerebout E, Casaert S, Dalemans AC, De Wilde N, Levecke B, 
Vercruysse J, Geurden Τ (2009). Giardia and other intestinal 
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Clark CG. (1997). Extensive genetic diversity in Blastocystis hominis. 
Mol Biochem Parasitol, 87: 79-83. 
Daryani A, Sharif M, Amouei A, Ettehad GH, Ziaei H, Gohardehi SH, 
Greece, the isolation of the parasite from faecal 
material, mainly (but not exclusively) from patients 
with diarrhea, is not unusual in our laboratory. Based 
on the results of this study, the zoonotic transmission 
of Blastocystis from dogs to humans seems to be 
unlikely in Greece, although a large scale epidemio­
logical study is needed to confirm this preliminary 
assumption. Several studies suggest that Blastocystis is 
not host-specific and may be cross-infective among 
various animal hosts (Yoshikawa et al. 1996, Arisue et 
al. 2003, Tan 2004), although the extent and nature of 
zoonotic transmission of the parasite remains unclear 
as the published evidence is equivocal (Stensvold et al. 
2009). According to the current assumption, geneti­
cally identical Blastocystis parasites should be found in 
both humans and animals, in order to be considered 
zoonotic. Further research is needed to elucidate this 
issue. 
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